The objective of this research was to determine the effects of synchronizing the rate of dietary energy and nitrogen release on: ruminal fermentation, microbial protein synthesis, blood urea nitrogen, and nutrient digestibility in beef cattle. Four, twoand-a-half year old Brahman-Thai native crossbred steers were selected for the project. Each steer was fitted with a rumen cannula and proximal duodenal cannula. The steers were then randomly assigned in a 4×4 Latin square design to receive four dietary treatments. Prior to formulation of the dietary treatments, feed ingredients were analyzed for chemical composition and a nylon bag technique was used to analyze the treatments various ingredients for degradability. The treatments were organized in four levels of a synchrony index (0.39, 0.50, 0.62 and 0.74). The results showed that dry matter digestibility trend to be increased (p<0.06), organic matter and acid detergent fiber digestibility increased linearly (p<0.05), while crude protein and neutral detergent fiber digestibility were not significantly different (p>0.05). Higher concentration and fluctuation of ruminal ammonia and blood urea were observed in the animal that received the lower synchrony index diets. As the levels of the synchrony index increased, the concentrations of ruminal ammonia nitrogen and blood urea nitrogen, at the 4 h post feeding, decreased linearly (p<0.05). Total volatile fatty acid and bacteria populations at the 4 h post feeding increased linearly (p<0.05). Microbial protein synthesis trend to be increase (p<0.08). The results of this research indicate that synchronizing the rate of degradation of dietary energy and nitrogen release improves ruminal fermentation, microbial protein synthesis and feed utilization. (Asian-Aust.
INTRODUCTION
Microbial protein synthesis is important for ruminant. Current concepts of ruminant nutrition focus on maximizing ruminal microbial protein production. Microbial protein can supply from 70% to 100% of amino acids to ruminant (AFRC, 1992) . High microbial protein production can decrease the need for supplementing rumen undegradable protein (Blummel et al., 1999) . Microbial yield in rumen depends largely on the availability of carbohydrate and nitrogen (N) in the rumen. Nocek and Russell (1988) suggested that the efficiency of microbial growth and microbial protein production may be improved by balancing the overall daily ratio of ruminally available energy and N in the diet. Shabi et al. (1998) found that the available energy in the rumen (Ruminal degradable organic matter) is the most limiting factor of ruminal N utilization. In some in vitro studies, bacteria yield was increased by a synchronous supply of N and carbohydrates (Henning et al., 1991) . Synchronization of the rate of dietary energy and nitrogen release has been suggested as a means of improving both microbial protein flow at the duodenum, and the efficiency of microbial protein synthesis (Sinclair et al., 1993; Kim, 2001; Trevakis et al., 2001 ) a more efficient capture of rumen degraded nitrogen would reduce the excretion of urinary nitrogen (Sinclair et al., 1993) , and fermentative carbon losses in CO 2 and CH 4 (Blummel et al., 1999) .
With respect to tropical feedstuffs, limited information is available on synchronizing the rate of degradation of dietary energy and nitrogen release in beef cattle diet. The aim of this study was to investigate the synchrony index on ruminal fermentation, microbial protein synthesis, blood urea nitrogen and nutrient digestibility in beef cattle fed high fibrous tropical feedstuffs.
MATERIALS AND METHODS

In situ degradation characteristics of feedstuffs
Feedstuffs were collected from various feed mills and organizations (Kantharavichai dairy cooperation, Khonkaen dairy cooperation, Mahasara Kham University feed mill, Khon Kaen University feed mill, Numhenghoad feed suppliers, Chareon Esan commercial feed mill, Songserm Kankaset feed supplier) in the North East of Thailand. All test feed samples (Table 1) were ground to pass through a 1 mm screen for nylon bag incubation and chemical analysis.
Effects of Synchronizing the Rate of Dietary Energy and Nitrogen Release on Ruminal Fermentation, Microbial Protein Synthesis, Blood Urea Nitrogen and Nutrient Digestibility in Beef Cattle
The feedstuff samples were analyzed for dry matter (DM), crude protein (CP) and Ash (AOAC, 1990), neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) (Van Soest et al., 1991) . Two Brahman-Thai native crossbred beef cattle steers with an average body weight of 250±15 kg were fitted with permanent rumen cannula and offered rice straw ad libitum. They were fed concentrate (49.80% cassava chips, 17.5% rice bran, 14.60% palm meal, 7.0% soybean meal, 1.40% urea, 0.4% salt, a 1.0% mineral mix and 8.30% sugarcane molasses) at 0.5% BW. A ruminal degradation measurement using the nylon bag technique was carried out after a two week adaptation period.
Approximately 5.0 g (as fed basis) of each test feed was accurately weighed into a nylon bag with a mean pore size of 45 µm (Shabi et al., 1998) . The bag was placed into the rumen of the beef steers, 30 min after the morning meal and retrieved after periods of 2, 4, 6, 12, 24 and 48 h. After removal from the rumen, the bags were washed by hand under tap water until the rinse water became clear. After washing, the bags were placed into a hot, dry, forced air oven at 65°C for 48 h and weighed. To determine the content of water soluble material, bags representing 0 h degradation were washed using the same washing procedure as the incubated bags. The dried residue from the incubation period of each steer was pooled and analyzed for DM, organic matter (OM) and CP. Organic matter and CP disappearance values were calculated as the difference between the weight of the nutrient before and after incubation of each sample. The degradability data obtained for OM and N for each feed were fitted to the equation P = a+b (1-e -ct ) (Ørskov and McDonald, 1979) , where P is the amount degraded at time t, a is the rapidly soluble fraction, b is the potentially degradable fraction, c is the rate of degradation of fraction b. The results are presented in Table  2 .
Urea was also included in the data-base and it was assumed that 95% of urea N was degraded in the first hour after feeding, with the remaining 5% of urea N degraded at a rate (c) = 0.5/h (Sinclair et al., 1995) . Sugarcane molasses was assumed at 100% of N and OM degraded in the first hour post feeding.
Diet formulation
The synchrony index of N to OM was calculated according to Sinclair et al. (1993) as follows:
Where 25 = 25 grams of N per kilogram of OM truly digested in the rumen (Czerkawski, 1986) , an asynchrony index of 1.0 represents perfect synchrony between nitrogen and energy supply throughout the day whilst values<1.0 indicate the degree of asynchrony.
Using the computer program described previously (Sinclair et al., 1993) , which contains the database of raw material proximate analysis, fiber composition and degradation characteristics obtained from the experiment are presented in Table 1 and 2. The program requires as input: a proportion of each constituent in the diet, dry matter intake per day (2.0% BW), the time of feeding (fed in equal amounts at 12 h interval) and the outflow rate of solids (k = 0.05).
Using the program, four diets were formulated to have a similar total digestible nutrient (TDN), metabolizable energy (ME), crude protein (CP), rumen degradable protein (RDP) and rumen degradable organic matter (Table 3) , but differed in synchrony index 0.39, 0.50, 0.62 and 0.74 respectively.
Animal and feeding
Four Brahman-Thai native crossbred steers weigh 276.5±10.5 kg, fitted with permanent cannula in the rumen and a T piece cannula in the proximal duodenum, were used for experiment. The animals were fed at the rate of 2.0% BW in two equal meals at 7.00 h and 19.00 h. Clean water and mineral lick were offered and available at all time in the individual pens. A metabolism trial was carried out at the Department of Agricultural Technology, Mahasara Kham University, Thailand, from May 25, 2003 to August 16, 2003 . The animals were weighed at the beginning and end of each period.
Sample collection and preparation
The roughage and concentrate were sampled every three weeks, and the composites prior to chemical composition analysis. The daily feces in their entirety were collected for five days during a collection period. It was weighed and mixed well and a 10% sub sample was taken and stored at -20°C. At the end of each collection period the daily fecal samples were bulked for each animal. Ten percent of each mixed well-bulked sample was taken for estimation of digestibility of DM, OM, CP, NDF and ADF.
One hundred ml of ruminal fluid was collected at the end of each sampling period at 0, 2, 4, 6, 8 and 10 h post feeding via rumen cannula. Ruminal pH was measured immediately after sampling using a potable pH meter. Rumen fluid samples were then filtered through four layers of cheesecloth. Samples were divided into two portions. One portion was used for ammonia nitrogen and total volatile fatty acid analyses where 5 ml of 6 N HCl was added to 50 ml of rumen fluid. The mixture was centrifuged at 2,500×g for 15 minutes and the clear supernatant was stored in plastic tubes at -20°C until analyzed for rumen ammonia nitrogen (Bremner and Keeney, 1965) and total volatile fatty acid concentration (Briggs et al., 1957) . Another portion was fixed with 10% formalin solution in normal saline (0.9% NaCl) for direct total count of microorganism in rumen fluid (Galyean, 1989) .
Samples of jugular blood were drawn into heparinised vacutainers (10 ml for sample) at the same time rumen fluid sampling and centrifuged at 2,500×g for 15 minutes. The plasma was then transferred into storage tube and labeled with date and animal identification. The plasma samples were kept at -20°C until analyzed for BUN (BMG's urea reagent, Boehringer Mannheim, Indianapolis, IN). Dry matter digesta flow to the duodenum was estimated using the chromic oxide marker technique according to Zinn et al. (1981) . Animals were fed diets contained 0.4% of chromic oxide for three days prior to duodenum fluid collection. A 100 ml of duodenum digesta was sampled at duodenum twice daily for three consecutive days (04.00 h, 12.00 h on day 1: 08.00 h, 20.00 h on day 2: 16.00 h, 24.00 h on day 3). Duodenal digesta samples were separated into two parts, 1) 50 ml of digesta were oven dried at 65°C for 72 h, ground and analyzed for chromic oxide following the procedure of Siddons et al. (1985) , 2) 50 ml of digesta samples were lyophilized and subsequently analyzed for total N by the micro-Kjeldahl method (AOAC, 1990) and for purine content (Zinn and Owens, 1986) . To analyze ruminal bacteria isolation, rumen fluid was collected via cannula at the end of each collection period. The ruminal bacteria cells were promptly isolated following the procedure of Cecava et al. (1990) . Isolated bacteria cells were lyophilized and analyzed following the same procedures as with the duodenal digesta.
Statistical analysis
A 4×4 Latin square design (four animals; four periods) was carried out in this experiment. Each period consisted of 21 days (14 days for adaptation and 7 days for sample collection). All data obtained from the experiment were subjected to the General linear Models (GLM) procedure for orthogonal polynomial analysis of SAS (SAS, 1996) 
RESULTS AND DISCUSSION
Chemical composition and degradability characteristic of feed ingredients and chemical composition of diets
Chemical composition and degradability characteristics for the OM and N of feed ingredients used in the experiment are shown in Table 1 and 2 respectively. The feed ingredients varied widely in terms of composition and degradability characteristic. The crude protein content ranged from 1.89% for cassava chips to 47.24% for soybean meal. Ash content ranged from 1.69% for corn grounds to 13.64% for rice straw. Cell wall content ranged from 6.93% for cassava chips to 72.13% for rice straw. The rapidly soluble fraction (a) of OM and N were highest in the cassava chips. Sommart (1998) suggested that cassava and urea are known to be readily degraded in the rumen and thus may provide rumen synchrony when fed to animals. The potentially degradable fraction (b) of OM was highest in rice straw and soybean meal. The rate of degradation of fraction b (c) of OM was highest in rice bran.
A chemical analysis of the four diets is presented in Table 3 . All four diets had a similar chemical composition. The crude protein, ash, and NDF content were approximately 10.50%, 9.30% and 51.63% respectively.
Effect of synchronizing the rate of dietary energy and nitrogen release on nutrient digestibility
Apparent DM, OM, CP, NDF and ADF digestibility are shown in Table 4 . The levels of the synchrony index in the rations had an affect on DM OM and ADF digestibility. Dry matter digestibility trended to increase linearly (p<0.06), OM and ADF digestibility increased linearly (p<0.05) with an increasing synchrony index. Synchrony index levels did not affect the digestibility of CP and NDF (p>0.05). In addition, results in this experiment found that a higher synchrony index increased both the microbial population (Table 6 ) and microbial fermentation, which would improve digestion of DM, OM and ADF.
Effect of synchronizing the rate of dietary energy and nitrogen release on rumen fermentation
Ruminal pH are presented in Table 4 . Ruminal pH did not differ significantly at any level of the synchrony index (p>0.05). This finding was similar to those reported by other researchers (Sinclair et al., 1993; Witt et al., 1999; Thevaskis et al., 2001) . Ruminal pH at 0, 2, 4, 6, 8 and 10 h post feeding were not affected by dietary treatments. Values were relatively stable at 6.0-6.7, and all treatment means were within the normal range which has been reported as optimal pH (6.0-7.0) for microbial digestion (Hoover, 1986) .
Ruminal NH 3 -N concentrations at 0, 2, 4, 6, 8 and 10 hours post feedings are presented in Table 4 and Figure 1 . Ruminal NH 3 -N concentrations at 0, 6, 8, 10 h post feedings and the means were not significantly different (p>0.05) at any level of the synchrony index; however, at the 2 and 4 h post feedings they decreased linearly (p<0.01 and p<0.05 respectively). The results were similar to Arieli et al. (1996) , Kolver et al. (1998) and Shabi et al. (1998) . Joo et al. (2005) suggested that rumen ammonia releasing rate influenced on microbial protein synthesis in the rumen. Ruminal NH 3 -N concentration decreased, when the synchrony index increased indicating a more efficient capture of N for increased microbial protein synthesis. The result agrees with the statement of Sinclair et al. (1993) ; Sinclair et al. (1995) and Trevaskis et al. (2001) , who found that a synchronous diet improved microbial protein flow at the duodenum and increased the efficiency of microbial protein synthesis. The patterns of NH 3 -N concentration post feeding (see also Figure 1 ) fluctuated the least in animals receiving the highest synchrony index diet.
Total volatile fatty acid (TVFA) concentrations are presented in Table 4 . Total volatile fatty acid concentrations were not significantly different among treatments (p>0.05); however, TVFA concentrations at the 4 h post feeding increased linearly (p<0.05) as levels of the synchrony index increased in the diets. The data in this experiment indicated that ruminal fermentation was greatest at the 4 h post feeding. This result disagrees with Sinclair et al. (1993) , Sinclair et al. (1995) , Chen and Hsu, 1998 and Witt et al. (1999) , who reported that synchronous diets had no effect on VFA concentration. Higher TVFA concentration at the 4 h post feeding might have been related to the microbial population in the rumen that increased at the same time as optimum pH.
Effect of synchronizing the rate of dietary energy and nitrogen release on blood urea nitrogen
Blood urea nitrogen (BUN) concentrations are presented in Table 4 . Blood urea nitrogen concentrations at the 4 and 8 h post feeding decreased linearly (p<0.05) as the levels of the synchrony index increased. The results disagree with Sinclair et al. (2000) , who found that plasma urea levels were not affected by synchronous and asynchronous diets. Nevertheless, in this experiment BUN concentration showed a similar trend as the NH 3 -N concentration in rumen (see also 1). This result agrees with Vongsumphan and Wanapat (2004) , who found that an increase in rumen Means ( NH 3 -N levels results in increased levels of BUN. Present experiments found that beef cattle fed a diet containing a higher synchrony index had a lower BUN, indicating that a synchronous diet increased N utilization in rumen. Similarly, Sinclair et al. (1993) found that a synchronous diet improved efficiency capture of N in sheep.
Effect of synchronizing the rate of dietary energy and nitrogen release on rumen microorganism population Table 5 and Figure 2 show mean of the total bacteria, fungal zoospore and protozoa population. The mean of the total bacteria and protozoa population were not significantly different (p>0.05), but the mean of fungal zoospore decreased linearly (p<0.05) with an increased level of the synchrony index. The protozoa and fungal zoospore populations at 0, 2, 4, 6, 8 and 10 h post feeding were not significantly different (p>0.05). The total bacteria population at the 4 h post feeding increased linearly (p<0.05). The total bacteria population at the 6 h post feeding trend to be increased (p<0.06). It is possible that the increased levels of synchrony index in the diets may play an important role in increasing bacterial population, thus increasing microbial protein synthesis (see also Table 6 ). A similar finding was reported by Sinclair et al. (1993) , Sinclair et al. (1995) and Kim (2001) .
Flow of the nitrogenous component at the duodenum and microbial protein synthesis
Duodenal flow of some nitrogenous constituents and microbial protein synthesis are presented in Table 6 . Total N and non microbial N flow at the duodenum were not significantly different (p>0.05). The microbial N flow at the duodenum trended to increase linearly (p<0.08) with the level of the synchrony index. The result agrees with the works of Sinclair et al. (1993) , Sinclair et al. (1995) , Kim (2001) and Trevakis et al. (2001) . The efficiency of microbial protein synthesis in terms of microbial N g/kg OMADR and microbial N g/kg OMTDR was not significantly different (p>0.05), but in terms of microbial N g/kg DMI trended to increase linearly (p<0.06). High levels of readily fermentation carbohydrate in aration reduced the efficiency of microbial protein synthesis in the rumen (Kim et al., 2005) . However, synchronizing readily fermentation carbohydrate with non protein nitrogen (NPN) for improve efficiency of microbial protein synthesis should be considered (Chanjula et al., 2004) . Nocek and Russell (1988) suggested that the efficiency of microbial growth and microbial protein production may be improved by balancing the overall daily ratio of ruminally available energy and N intake in the diet. Microbial yield in the rumen depends on many factors such as the availability of carbohydrates and N in the rumen (Shabi et al., 1998 ), ruminal pH (Finlayson, 1986 , physiological effects (Hoover and Stokes, 1991) , sources and levels of N components (Stern and Hoover, 1979) and stabilizing ruminal fermentation (Khorasani et al., 1994) . It has been suggested that matching or synchronizing the supply of energy and N supply in the rumen may improve microbial growth (Sinclair et al., 1993) . Chamberlain and Choung (1995) concluded that there was little benefit in maintaining a synchronized supply of NH 3 -N and energy release in the rumen, although they did suggest that more results were required on the synchronization of energy with other nitrogenous substrates, including peptides and amino acids.
CONCLUSION
Synchronizing the rate of degradation of dietary energy and nitrogen release using tropical feedstuffs improved ruminal fermentation, nutrient digestibility and microorganism population. Additionally, a higher synchrony index can enhance microbial protein synthesis. Therefore, a synchrony index should be considered for beef cattle's feed formulation. 
